Summary. Insulin treated patients frequently develop insulin-binding antibody. Antisera from some patients, treated with bovine or bovine/porcine insulin mixtures, react differently with bovine and porcine insulin while for others there is no difference: when there is a difference there is greater avidity for bovine than porcine insulin. We studied antisera from 16 patients who had previously been treated with bovine insulin and then were changed to porcine insulin. Dissociation rate constants and association rates were measured with bovine and porcine insulin. Significant differences were found in association rates, which correlated well with binding at equilibrium (r = 0.91), but not in dissociation rates. For 11 subjects who stayed on highly purified porcine insulin, long term reduction in insulin requirement correlated with the magnitude of the difference in antibody reaction to bovine and porcine insulin (r = 0.74).
Antibodies to insulin frequently occur in insulintreated patients and insulins from different animal species may react differently with these antisera. In 1944 Lowell [1] described a patient whose serum bound human insulin much less avidly than bovine/ porcine insulin as judged by insulin sensitivity and insulin neutralisation in bioassay. Berson and Yalow [2] described species differences using equilibrium studies. The specificity of insulin-binding antibody has often been considered to be the cause of alterations in insulin sensitivity when patients have been changed from one species of insulin to another [3] [4] [5] [6] -the usual pattern being an increase in sensitivity on changing from bovine to porcine insulin. An invitro test has been used to predict the change in insulin requirement with change of insulin species [4] .
Since porcine insulins of high purity have been introduced for clinical use, there has been concern over alterations in insulin-dose requirements when patients are changed from conventional, less pure, insulins to highly purified insulins [6] [7] . Insulin requirements may fall abruptly [6] or gradually [8] [9] [10] on change-over as a result of a change in insulin species as well as insulin purity.
Previous studies of insulin-binding antisera have been at equilibrium. Insulin activity in-vivo is a disequilibrium process and is governed by, amongst other things, the rate of association of insulin and antibody and the dissociation rate of antibody-bound insulin [11] . For this reason we have measured the association and dissociation rates of labelled bovine and porcine insulin with antisera.
Materials and Methods
Blood samples were collected at routine diabetic clinic visits and the plasma stored deep-frozen until studied.
Highly purified bovine and porcine insulins (provided by Nordisk Insulin Ltd.) were labelled with 125Iodine by means of Chloramine-T and purified on carboxymethyl cellulose (Whatman CFll) and Sephadex G100 columns [12] . The specific activities were 50-150 ~tCi/~tg.
For insulin binding measurement 0.05 ml of plasma was incubated for 24 hours at 4 ~ C with 0.2 ml of 0.1 mol/1 borate buffer, pH 8.3, containing bovine serum albumin 5 g/1 and 1-2 ~tU of labelled insulin. Separation of bound from free ligand was with polyethylene glycol at a final concentration of 12.5% w/v. 'Insulin binding capacity' (IBC) was assessed by a modification of Andersen's method [9, 13] : this expresses an antiserum's potency in terms of a standardised guinea pig antiserum which reacts equally with bovine and porcine insulin. For association rate determination [14] 0.1 ml of plasma was incubated at 37 ~ C with 20--40 ~tU of labelled insulin in 0.5 ml of 0.1 mol/1 borate buffer, pH 8.3, with bovine serum albumin 5 g/1. At times varying from 10 seconds to 10 minutes after mixing, 0.025 ml samples were taken and added to tubes containing 1 ml of borate buffer with polyethylene glycol 15 %, bovine serum albumin 0.5 g/l, bovine gamma globulin 1.5 g/1 and 60 mU of bovine insulin. These tubes were kept on ice until separated by centrifugation at 4 ~ C.
Dissociation [11, 14] was studied at 37 ~ C by incubating 0.2 ml of plasma with 0.2 ml of borate buffer containing 40-80 FU of labelled insulin. After 2 hours the incubate was added to 5 ml of borate buffer containing bovine serum albumin 5 g/l, bovine gamma globulin 1.5 g/1 and 300 mU bovine insulin. At times from 2minutes to 1 hour 0.15 ml samples were taken and added to tubes containing 0.5 ml of ice cold 16.7% polyethylene glycol in borate buffer, which were kept on ice until separated by centrifugation at 4 ~ C.
Association rates and dissociation rate constants were calculated by graphical analysis.
Statistical analyses used least squares linear regression, Student's paired t test and Spearman's rank correlation.
Results
The antisera from bovine or bovine/porcine insulintreated diabetics showed a wide range of insulin binding; Figure 1 shows the comparison for binding of bovine and porcine labelled insulin. Average binding of bovine insulin was 37.3% and porcine insulin 31.5% -the difference being significant (for paired t-test n = 98, t = 9.11). For those sera with greater avidity for bovine than porcine insulin the difference was reproducible, similarly those sera binding the insulins equally did so reproducibly (rank correlation r = 0.80, p < 0.01). A group of 13 patients who were thought only to have received highly purified insulin from the time of diagnosis of diabetes showed more equal binding of bovine (mean binding 29%) and porcine (28%) insulin (paired t-test, t = 0.62 NS). Three individuals bound more bovine than porcine insulin and inspection of their hospital records showed that they had, in fact, received conventional bovine soluble insulin, for several days after diagnosis, before stabilization on the highly purified porcine insulin. For the subjects who had never received any bovine insulin mean porcine insulin binding (27.7%) slightly exceeded bovine binding (25.6%).
Plasma samples from 16 subjects were more extensively studied: these patients had all originally been treated with bovine insulin and then changed to highly purified porcine insulin. As in the larger group treated with bovine insulin the differences of antibody reactivity with bovine and porcine insulins covered a wide spectrum: the ratio of the response with bovine insulin to the response with porcine insulin ranged, for individuals, from 0.97 to 1.41 for insulin binding; from 0.51 to 1.89 for 'Insulin binding capacity' (IBC) and from 0.78 to 3.57 for association rate. For the whole group the mean bovine insulin binding exceeded porcine by 16%, (paired t-test, t = 4.0, p < 0.001), and the mean IBC with bovine labelled insulin exceeded the IBC with porcine labelled insulin by 27% (paired t-test, t ---2.62, p < 0.02). Association rates with bovine and porcine labelled insulin showed differences. Figure 2 shows studies in two subjects; one showed a big species difference, the other none. For the group as a whole the association rate for bovine insulin was 28% greater than for porcine. The range for bovine association rates was 4.7-46.8% per minute, and for porcine association rates 4.5-42.2% per minute. The differences were significant (paired t test, t = 3.36). These results are summarised in Table 1 .
Dissociation rate studies give rapid (k-l) and slow (k-2) rate constants. For the group as a whole there were no significant differences between the dissociation rates of bovine and porcine labelled insulin: for individuals there were minor differences only, which were not statistically significant.
Individual antisera appear to show consistent species differences when judged by insulin binding, IBC, and association rate. Rank correlation of the species differences (using the ratio of the response with bovine insulin to the response with porcine insulin) between insulin binding and association rate was good (r --0.91, p < 0.01): Rank correlation of IBC and association rate species difference (r -= 0.46, p < 0.05) and IBC and insulin binding species differences (r = 0.39, p > 0.05), were less significant.
Eleven of the 16 subjects continued on purified porcine insulin given twice daily. The treatment change-over was made on average one year before the antiserum studies. Comparison of the insulin dose immediately after change-over and at the time of the study shows a mean reduction in insulin dose (from 53 to 46 U/day). Rank correlation of dose reduction with bovine/porcine association rate difference was significant (r = 0.74, p < 0.01).
Discussion
Our study confirms previous reports of differences between the binding of bovine and porcine insulin by some human antisera. The difference appears to be in the rate of association between insulin and antibody and not in the rate of dissociation of bound insulin. Different association rates will alter insulin delivery to cells -the usual pattern of a lower association rate for porcine than for bovine insulin would fit the increased sensitivity in some patients changed from bovine to porcine insulin as the free insulin concentration would be higher and insulin delivery to cells would increase. As there are no marked species differences in dissociation rate constants the species difference in the association rate will also be reflected in the equilibrium constants (K) as K equals the association rate constant divided by the dissociation rate constant.
Studies of insulin-binding antibody are complicated by the presence of sizeable quantities of bound insulin. The half-life of removal of bound insulin is so slow that discontinuing treatment with insulin is not practical and we have not, in fact, standardised the time-interval from the last insulin injection. Some of the circulating antibody is free and some bound to insulin. The equilibrium between added labelled insulin and antibody-bound insulin is attained slowly and is clearly not reached in the measurements of association rate and dissociation rate; it is probably not reached in the 16 h incubation used for assessment of insulin binding but may be reached in the longer IBC assay. All of these methods really measure different dimensions of the insulin-binding antibody population. In a sense the association rate is the dimension closest to the in-vivo situation as it represents what happens as each increment of insulin enters the circulation: it correlates well, from the point of view of species differences, with insulin binding.
This study suggests that simple screening, by measuring insulin binding with bovine and porcine insulin, will detect patients at risk of increased insulin sensitivity when a change of insulin therapy is planned.
The clinical data presented here is limited and retrospective but suggests that reduction in insulin dosage over the long-term may also be a function of insulin-antibody specificity as well as the insulin purity and immunogenicity [8, 10] . We also find that minimal exposure to bovine insulin, as was the case for the subjects who received bovine insulin for several days before long-term treatment with highly purified porcine insulin was started, can alter the pattern of antibody specificity: long term treatment with porcine insulin alone has however been reported, in a few subjects, to produce antibodies with greater avidity for bovine than porcine insulin as judged by IBC [151.
Further studies will require a comparison of insulin sensitivity with plasma free insulin levels after the administration of bovine and porcine insulin and a prospective study of insulin requirements in patient groups with different species reactivity on changeover to highly purified insulins.
